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STABILITY AND CONTROL CHARACTERISTICS FOR THE 
INNER MOLD LINE CONFIGURATION OF THE 
SPACE SHUTTLE ORBITER (0A110) 

By 

Terrance Hughes and Robert Rogge, Rockwell International Space Division 

ABSTRACT 

Experimental aerodynamic investigations were conducted on a sting 
mounted 0.0405-scale representation of the -140A/B Inner Mold Line (IML) 
Space Shuttle Orbiter in the Rockwell International 7.75 x 11 Foot Low 
Speed Wind Tunnel. These tests were conducted during the time period from 
18 March 1974 to 20 March 1974. 

The primary test objectives were to establish basic longitudinal 
and lateral-directional stability and control characteristics for the IML 
Orbiter. 

Additional configurations investigated were sealed elevon hingeline 
gaps, sealed rudder split line and hingeline gaps, larger radius leading 
edge on the vertical tail and sealed speedbrake base. 

Aerodynamic force and moment data for the Orbiter were measured in 
the body-axis system by an internally mounted, six-component strain gage 
balance (2.5-inch task MK IX). The model was sting mounted with the cen- 
ter of rotation located at approximately the wing trailing edge (F. S. 
60.272). The nominal angle of attack (a) range was from -4 to +30 degrees. 
Yaw polars were recorded over a nominal yaw angle (v) range from -14 to 
+14 degrees at constant a's of 0, ±5, 10, 15 and 20 degrees. 
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Fig. 25 Effect of Speed Brake Base, SPDBRK = 25 (A) 165-170 

Deg., RUDDER = 0 - Longitudinal 
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Note: Schedule of Coefficients Plotted on next page. 
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CYBETA, oYNBET, CBLBET Versus Alpha 

(C) CL, CN, CAF, CAB, CDF, CLM, XCP/L, L/DF Versus Alpha 
CL Versus CDF 

CL Versus CLM 

DCLF, DCDF, DCLM Versus ELEVON 

(D) CY, CYN, CBL Versus Beta 
DCY, DCYN, DCBL Versus Rudder 

(E) CY, CYN, CBL Versus Beta 
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(F) CY, CYN, CBL Versus Beta 
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DCY, DCYN, DCBL Versus Rudder 
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NOMENCLATURE 

General 


PLOT 

SYMBOL SYMBOL 


a 




CP 


M 

MACH 


P 



q 

q(nsm) 

Q(PSF) 


rn/l 

rn/l 


V 



a 

ALPHA 


P 

BETA 



PSI 


<t> 

PHI 


P 



Ab 



b 

BREF 


c.g. 



/rEF 

LREF 


c 



S 

SREF 



MRP 


X MRP 

XMRP 


y mrp 

YMRP 


Z MRP 

ZMRP 

4 

i 

SUBSCRIPTS 



b 


i * 

1 



s 

t 



00 





DEFINITION 

speed of sound; m/sec, ft/aec 
pressure coefficient; (p^ - p«)/q 

Mach number; V/a 

pressure; N/m 2 , psf 

dynamic pressure; l/2p^ } N/m 2 , psf 

unit Reynolds number; per m, per ft 
velocity; m/sec, ft/sec 
angle of attack, degrees 
angle of sideslip, degrees 
angle of yaw, degrees 
angle of roll, degrees 
mass density; kg/m^, slugs/ft^ 
Reference & C.G> Definitions 

base area; m 2 , ft 2 

wing span or reference span; m, ft 

center of gravity 

reference length or wing mean 
aerodynamic chord; m, ft 

wing area or reference area; m 2 , ft 2 

moment reference point 

moment reference point on X axis 

moment reference point on Y axis 

moment reference point on Z axis 

base 

local 

static conditions 
total conditions 
free stream 
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PLOT 

SYMBOL SYMBOL 


% 

CN 

C A 

CA 

C Y 

CY 

°A b 

CAB 

C Af 

CAF 

c m 

cm 

c n 

COT 

n 

CBL 

C L 

CL 

C D 

CD 

C Db 

CDB 

C Df 

CDF 

C Y 

CY 

C B 

cm 

C n 

CLN 

H 

CSL 

l/d 

l/d 

L/Df 

l/dp 


NOMENCLATURE (Continued) 



Plot 

Symbol Symbol 

Age ABC 

C, CABC 

h BC 

C, CAT 

m T 

HFT 

L B LB 

P B1» P B2* P B3’ 
P B4’ P B5 

P BC 

X cp /Lg XCP/L 

X «P 

6 A I IRON 

fl 

6 e ELEVON 


NOMENCLATURE (Continued) 

(Additions to Standard List) 

Definition 

2 

balance cavity area, ft 

balance cavity axial-force coefficient 

model axial -force weight tare coefficient 

horizontal flight test 
Orbiter fuselage length, ft 

model base pressures at orifice numbers 1-5, re- 
spectively, psia 

model balance chamber pressure, psia 

longitudinal center of pressure location, fraction 
of body length 

moment reference point longitudinal location, Inches 
aft of nose 

aileron deflection angle, degrees 
elevon deflection angle, degrees 


>SB 


RUDDER rudder deflection angle, positive deflection trailing 
edge left, degrees 

SPDBRK speed brake deflection angle, degrees 

BDFLAP bodyflap surface deflection angle, positive deflection 
trailing edge down, degrees 
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NOMENCLATURE (Concluded) 


Symbol 

Plot 

Symbol 

Definition 

% 

CYBETA 

side force coefficient derivative with Beta, 
per degree 

% 

CYNBET 

yawing moment coefficient derivative with Beta, 
per degree 

S 

CBLBET 

rolling moment coefficient derivative with Beta, 
per degree. 

AC Df 

DCDF 

incremental forebody drag coefficient 

AC Lf 

DCLF 

incremental forebody lift coefficient 

AC m 

DCLM. 

incremental pitching moment coefficient 


V-GRIT 

vertical tail transition grit (.000 equivalent 
to X 31 - no grit on vertical tail, .008 equivalent 
to X 29 - .0076 diameter grit on vertical tail). 

ACy 

DCY 

incremental side force coefficient 

sc n 

OCYN 

incremental yawing moment coefficient 


DCBL 

incremental rolling moment coefficient 


i 


4 
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CONFIGURATIONS INVESTIGATED 


The model utilized for this test period was an 0.0405-scale model of 
the -140A/B Orbiter Inner Mold Line Horizontal Flight Test Vehicle designated 
16-0. The basic model is of the blended wing-body concept utilizing a 
double delta wing (75°/45° A L E ), full span elevons (unswept hingeline), 
a centerline vertical tail with rudder and/or speedbrake capability, a 
canopy, and orbital maneuvering system (OMS) pods mounted on the aft fuselage 
sidewalls. This configuration represents the Orbiter with all thermal 
protection system (TPS) removed. 

For this test period the following nomenclature was used to designate 
the various model components: 

Componen t 


B 61 

-140A/B HFT Orbiter fuselage, simulates inner mold line 

C 11 

-140A/B HFT inner mold line Orbiter canopy 


m 

4* 

O 

-140A/B Orbiter HFT elevons used on wing W^a 
inner mold line 

, simulates 

E 41 

E 40 with upper surface seals removed 


m 

4* 

no 

E 4q with both upper and lower seals removed 


F 12 

-140A/B HFT Orbiter bodyflap 


M 51 

-140A/B orbital maneuvering system (OMS), simulates inner 
mold line 

R 15 

-140A/B Orbiter HFT rudder used with vertical 
hingelines sealed 

tail V ig . All 

R 16 

R 15 with hingeline seals removeu 
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CONFIGURATIONS INVESTIGATED (Continued) 


R,, R,^ with seal between upper and lower rudder segment re- 

moved 

V 1Q -140A/B Orbiter HFT vertical tail, simulates inner mold 

Iy line 

V 20 V ig with leading edge contour modification 

V 91 V 9n with vertical tail base plugged between speedbrake 

panels 

W, 9A -140A/B inner mold line double delta Orbiter HFT wing 

(75°/45° A l E ) 

W, 25 W, 24 with squared off wing tips aft of 20% element line 

upper wing surface only 

X 29 transition grit composed of glass beads located aft of all 

swept surfaces and the model nose 

X 31 same as X 29 except vertical tail not gritted 
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CONFIGURATIONS INVESTIGATED (Concluded) 


Configurations Tested 


B 61 

C 11 

F 12 

M 51 

W 124 

E 40 



cn 

CNJ 

X 

B 61 

r» 

°11 

F 12 

M 51 

W 124 

E 40 

V 19 

R 17 

X 31 

B 61 

C 11 

F 12 

M 51 

W 1 24 

E 40 

V 19 

R 15 

X 29 

B 61 

C 11 

F 12 

M 51 

W 124 

E 41 

V 19 

R 15 

X 29 

B 61 

C 11 

F 12 

M 51 

W 124 

E 42 

V 19 

R 15 

X 29 

B 61 

C 11 

F 12 

M 51 

W 124 

E 40 

V 19 

R 16 

X 29 

B 61 

C 11 

F 12 

M 51 

W 124 

E 40 

V 19 

R 17 

X 29 

B 61 

C 11 

F 12 

M 51 

W 124 

E 40 

V 20 

R 15 

X 29 

B 61 

C 11 

F 12 

M 51 

W 124 

E 40 

V 21 

R 15 

X 29 

B 61 

C 11 

F 12 

M 51 

W 125 

E 40 

V 21 

R 15 

X 29 



TEST FACILITY DESCRIPTION 


The North American Aerodynamics Laboratory (NAAL) 7.75 x 11 -Foot Wind 
Tunnel is a continuous flow, closed circuit, single return type tunnel 
capable of speeds up to 200 miles per hour. The test section is vented to 
atmospheric pressure and is 7.75 x 11 feet wide by 12 feet in length. Power 
is .applied by a 1250 horsepower nacelle mounted synchronous motor driving 
a Vi foot, seven blade, laminated birch propeller. The airspeed is controlled 
by varying the degree of coupling between the motor and propeller by means 
of a magnetic clutch. A damping screen and honeycomb section in the settling 
chamber upstream from the contraction cone (ratio 7.53 to 1) minimizes tur- 
bulence in the test section. The NAAL Wind Tunnel has been in operation 
: ince June 1943 and calibrations are available over a wide range of test 
conditions. 

Tests ma;, be conducted using a variety of mounting systems, e.g.; a 
single strut, double strut, sting strut, reflection plane, cable suspension, 
and two dimensional wall. Aerodynamic data may be measured by a planar 
type external balance system or sting mounted internal balances. An Astrodata 
Automatic Data . ; jui si ti on System is used to collect, multiplex, digitize, 
and record 5t channels of force and/or pressure data on magnetic tape. This 
data is then rapidly reduced and plotted using automatic data processing 
equipment and an automatic digital plotter. 
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DATA REDUCTION 


The aerodynamic force and moment data presented were measured by the 
Task Corporation 2.5-inch MK IX strain gage balance. The data have been 
corrected for model base and balance chamber pressure effects, model blockage 
Influence on tunnel dynamic pressure, wall interference effects, sting and 
balance deflections, and model weight tare. 

Corrections made to axial force were accomplished in the following 
manner : 

% - C A - C A bc - C A b ' C A r 

where: 

C ^ = axial -force coefficient 

C fl = balance chamber correction 
*BC 

= - / P BC ‘ P o w A BC v 
( q H—5 1 

C. = base end correction 

% 

- - ( Pb q -- ) (-r). ■ 1/5 (P B1 * P B5 ) 

C. = axial force weight tare correction 
a T 

The model center of pressure location was computed in percent of body 
length: 

X CP /L B = ^ X MRP " 
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DATA REDUCTION (Concluded) 


where: 

X^Rp s moment reference point on x-axis, inches aft of nose 
Lg = body length, in. 

The following reference dimensions were used for reducing all aero- 
dynamic data to coefficient form: 

Symbol Definition Value 


A b 

Area of base (OMS on), ft* 

0.5855 

a bc 

2 

Area of balance cavity, ft 

0.0985 

s 

? 

Wing area, ft 

4.412 

X MRP 

moment reference point on x-axis, fus. sta., in 

43.5974 

Z MRP 

moment reference point on z-axis, water plane, in. 

15.1875 

l b 

length of orbiter body, in. 

52.257 

c (LREF) 

wing M.A.C. , in. 

19.230 

b (BREF) 

wing span, in. 

37.936 
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TABLF II. - Continued 
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TABLE III. - MODEL DIMENSIONAL DATA 


MODEL COMPONENT 

GENERAL DESCRIPTION -lUOA/B Inner mold line orMter fuaelai-e 


MQDET. STAT.Et aoitqg 

DRAWING NUMBER VL70 -000833. SS-AOU65 


DIMENSIONS 

Length (Nose <§ X o =238.0) - In. 
Mox Width (Xj, = 1516.8) - In. 

Mox Depth (x ^ 1L64.8) - In. 
o 

Fineness Rotio 
Areo 

2 

Max. Cross-Sectional - ^ 
Plonform 

Wetted 

„ 2 
Base - Ft 


FULL SCALE 

MODEL SCALE 

12*'. 30 

52.257 

060 . 6 q 

. 10.558 

Pli6.pi 

_ in.fYVi 


!L25 


nfl.67. ~ 0*556 





, 

33«-fe7 

0.556 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT : CANOPY C u 

GENERAL DESCRIPTION -lUOA/a Inner mold line nrhl t.er runnpy uaed 

vit.h R^- tfas at* vi nrinu panpig,. t-hrap pan Rida 


MODEL SCALE; Q:OLOS 

DRAWING NUMBER _.yL70 -0002331 SS-AOII85 


DIMENSIONS 

FULL SCALE 

MODEL SCALE 

Length (To fvd bulkhead) 

206-6? 

a_3z — 

Max Width (at fvd bulkhead) 

210.86 

8.54 


Max Depth 
Fineness Ratio 
Area 


Max. Cross-Sectional 
Plonform 

Wetted 

Base 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT : et.evqn - 

GENERAL DESCRIPTION: -140A/B loner mold line orb Iter elevon used on 

— . Incliirips hA.qi»Hn*> "r.mimmnn " gaps. Hi nypHnp is sealed on 
upper and lower surface. 

MODEL . S CALE; Q -Q4Q5 

DRAWING NUMBER : VL70 0002^. S S-A01186 


DIMENSIONS: (Bata for 1 of 2 sides) FULL-SCALE 

2 

Area - Ft 205.98 

Span (equivalent) In. 3 U 4.20 

Inb'd equivalent chord - In. 116-79 

Outb'd equivalent chord - In. 55-56 

Hingeline @ F.S. - In. 1387.OO 

Ratio movable surface chord/ 
total surface chord 

At Inb'd equiv. chord (y o =120.84) 0.21U 

At Outb'd equiv. chord (Y q -468.34) 0-4qo 

Sweep Back Angles, degrees 

Leading Edge 0.000 

Trailing Edge - 10,056 

Hingeline a. 000 

Area Moment (Normal to hinge line) . 


MODEL SCALE 

0-338 

13-940 

4-730 

2.250 

56.174 

0-214 

0.400 


0-000 

-10.056 

o-ooo 

* - 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT < ft.bwim - * 

GENERAL DESCRIPTION: _ -ljtQA/B inner, mnld line arbiter elevon used on 

W i n e igfrr - i h a BPl 1 W —l 'r.n iB «an >, g np , S Is Scal ed nn lower 

surfoge.Mly. 

MODEL SCALE; 0.0405 


DRAWING NUMBER : VL70 -000233: SS-AQ 1166 


DIMENSIONS: ( Data for 1 of 2 sides) 

Area - Ft 2 

Span (equivalent) In. 

Inb'a equivalent chord - in. 

Outb'd equivalent chord - in. 

Hingeline @ F.S. - In. 

Ratio movable surface chord/ 
total surface chord 

At Inb'd equiv. chord(Y Q =120.84) 

At Outb'd equiv. chord (y q =468.34) 

Sweep Back Angles, degrees 

Leading Edge 

Trailing Edge 

Hingeline 

Area Moment (Normal to hinge line) 


FULL-SCALE 

205.96 

344.20 

55*56 . 

1387 ^. 0 ° 

0.214 
- 0-400 


&QQQ. 


0-000 


MODEL SCALF 


0.338 

13.940 


4.730 


2.250 

W 


0.214 

0.400 


0.000 

- la.nsfi 

CL.QOQ 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT: elevoh - e, iC 


GENERAL DESCRIPTION: -14Q.A/B Inner mold line arbiter e levon used on 

Includes baseline "Grumman" gaps. Lover and upper surface 
hlngellne seals are removed. , 

MODEL SCALE; 0.0405 


DRAWING NUMBER : VL7Q-00Q2^: SS -A00186. 


DIMENSIONS: (DaU for I of 2 sides) FULL-SCALE 

Area Ft 2 20s. q 8 

Span (equivalent) - in. 344.20 

Inb'd equivalent chord - i n . 116 . 7q 

Outb'd equivalent chord - in. 55.56 

Hingeline @ F.S. - In. 1387,00 

Ratio movable surface chord/ 
total surface chord 

At Inb'd equiv. chord ( i 0 = 120.841 0.214 

At Outb'd equiv. chord (Y q = 468.34 1 0.400 

Sweep Back Angles, degrees 

Leading Edge Q.ona 

Trailing Edge . ir> 

Hingeline Q-OQQ 

Area Moment (Normal to hinge line) , - 


MODEL SCALE 

— 0-338 

13.040 

- 4.730 

2-331 

56^174 

0-314 

o.4oo 



10 0$6 
b.ooo 
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TABLE III. - MODEL DIMENSIONAL DATA- Continued. 


MODEL COMPONENT 


GENERAL DESCRIPTION 



DRAWING NUMBER 


DIMENSIONS 


FULL SCALE MODEL SCALE 


Length (chord) - In. 
M ox Width (Span) - In. 


260.00 


10.530 


Max Depth - in. 
Hingeline @ P.S. - In. 
Fineness Rotio 


1532.00 


Area - Ft 


Max. Cross-Sectionol 
Plonform 


Wetted 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT ORBITAL MANEUVERING S YSTEM PODS - 

GENERAL DESCRIPTION -IIkWR tnrwr M«L.. r»rhtt.»r QMS nods uaed 

_-lh th R<v3y THmemions a re b a sed on muter wal d llna 


MODEL SCALE; O.OLOS 

DRAWING NUMBER VL70-000233; SS-AOII 85 


i 

I 


i 


t 


DIMENSIONS FULL SCALE MODEL SCALE 

Length (Fvd. Sta. @ X Q = 1207 ) -I n. 30*»-00 12-312 

Mox Width ________ - 

Max Depth __________ _________ 

Fineness Ratio _____ __ _ _ 

Area - 

Mox. Cross-Sectionol ~ 

Plonform _ _________ 

Wetted - - ' 

Bose (per pod) 19 -M3 0-032 

"r 1 ™ 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT : . ...BUDDEB 


GENERAL DESCRIPTION: _ Inner moldline orblter rudder used with vertical 



Q ^ ft n 


upper aM Isnsr panel- 

Rudder hingeline is sealed. 


MODEL SCALE: 0.0405 

Dimensions are 

for outer moldline. 


DRAWING NUMBER: 

VLIO_- 000233* 

SS-A01187 


DIMENSIONS: 


FULL-SCALE 

MODEL SCAL' 

2 

Area , ft 


100.15 

0.164 

Span (equivalent) 

in 

201.00 

8.140 

Inb'd equivalent chord, in 

. 91.585 

3.709 

Outb'd equivalent chord,in 

■ -50.833 

2.059 


Ratio movable surface chord/ 
total surface chord 

At Inb'd equiv. chord 

At Outb'd equiv. chord 

Sweep Back Angles, degrees 

Leading Edge 

Tailing Edge 

Hingeline 

Area Moment (Normal to hinge line) 




O.kOO 


31*. 830 
34-830 


-0.400 


0.400 


34.830 


JUL 


34-830 
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TABLE III. - MODEL DIMENSIONAL DATA- Continued. 


MODEL COMPONENT : rudder - r^ * ‘ 

GENERAL DESCRIPTION: Inner mold line orbiter rudder used with Vertical 


ThlL V19: Capability also Includes uae as a apenrihruka . lfrp »r and ln^r 


hinggHna a»ai« am ram oiled Dimensions 

are for outer moldline. 


MODEL SCALE: n.Qtas 

DRAWING NUMBER: VL70-p0Qg^j 

.JS-A01187 


DIMENSIONS: 

FULL-SCALE 

MODEL SCALE 

Area, ft 2 

100-15 

0.164 

Span (equivalent), i n 

201.00 

8.140 

Inb'd equivalent chord, in 


3.709 

Outb'd equivalent chord, in 

. aLfl3i . 

2.059 

Ratio movable surface chord/ 



total surface chord 



At Inb'd equiv. chord 

flJlQQ 

■■flJiOQ 

At Outb'd equiv. chord 

JX-hoa 


Sweep Back Angles, degrees 



Leading Edge 

34.830 

34.830 

Tailing Edge 

26.250 

26.250 

Hingeline 

34.830 



Area Moment (Normal to hinge line) 

■ — ' 1 ■* — - 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT : RirnngR - r^, • 

GENERAL DESCRIPTION: inner moldline orblter rudder used with Vertical Tai l 

v I1?) - Capability also includes use as a speedbrake. Seals b etween upper an d 

lover rudder removed. Dimensions are for outer moldline « 

MODEL SCALE: 0-0405 __ 

DRAWING NUMBER : VL70-Q00233: SS -AQ1187 . 

DIMENSIONS: 

2 

Area, ft 

Span (equivalent), in 

Inb'd equivalent chord, in 

Outb'd equivalent chord, in 

Ratio movable surface chord/ 
total surface chord 

At Inb'd equiv. chord 

At Outb'd equiv. chord 

Sweep Back Angles, degrees 

Leading Edge 

Tailing Edge 

Hingeline 

Area Moment (Normal to hinge line) 


FULL-SCALE 

100-15 

201.00 
91.585 

5 

0.400 

0.400 


26.250 

3h.fl30. 


MODEL SCALE 

UiL. 

8.140 

hm 

2.059 


0.400 

0.400 

,3h..fi3Q. 

3k.'fl30 
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TABLE III. - MODEL DIMENSIONAL DATA. Continued. 

MODEL COMPONENT: VERTICAL - V 1Q . 

GENERAL DESCRIPTION: Inner mo ldline orhitar vertleel tell with rudder 

and speedbrake capability. Dimensions are for outer moldline. 


MODEL SCALE: 0.0405 


DRAWING NUMBER: VL70-Q002^i SS-AQ1187 


DIMENSIONS: 

FULL SCALE 

MODEL SCALE 

TOTAL DATA 

Area (Theo) - Ft 



Flanform 

-413.25 — 

.-Q-..67B 

Span (Theo) - In. 

315.72 

12.787 

Aspect Ratio 

1.675 _ 

— 1*675 

Rate of Taper 

Q.5Q7-. 

-0.507 

Q.UQU 

Taper Ratio 

OJlQk 

Sweep- Back Angles, Degrees. 

Leading Edge 

.. 45 .000— 

45,000 

Trailing Edge 

25.047 

.25.547 

0.25 Element Line 

-Jtl jJL3Q — 

.,,4.1.130 

Chords : 


1 

Root -(-Thao) WP (Z » 500 In.) 
Tip (Theo) WP (zj;. 815.72) In. 

268.50 

IQ, .674 

- 4,323 

108.47 

MAC 

-199J31 - 

6.092. 

Fus . Sta. of .25 MAC 

1463*35 

,,59.266 

W.P. of .25 MAC 

-635.52 

25.739 

B.L. of .25 MAC 

£LQQ 

Q.QQ 

Airfoil Section 

Leading -Wedge .nngle - Deg. 

10 Svn. 60- UQ Wedge 

Trailing Wddge -Angle - Dag. 

NR Mod IX- 


Leading -Edge Radius 
Void Area 




Blanketed Area 
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TABLE III 


- MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT: VERTICAL - V _ 

20 : 

GENERAL DESCRIPTION: . OTfcttir ycrtlcal, tali with rudder, 

an d speedbrake capability, except for leading edge Dimensions 

are for outer moldline . 


MODEL SCALE: 0.0405 


DRAWING NUMBER: VL70-000233: SS-AQ1187 

DIMENSIONS: 

TOTAL DATA 

2 

Area (Theo) - Ft 
Planfora 

Span (Theo) - In. 

Aspect Ratio 
Rate of Taper 
Taper Ratio 

Sweep-Back Angles, Degrees. 

Leading Edge 
Trailing Edge 
0.25 Element Line 

Chords: - In. 

Root (Theo) VP (Zo * 500 In.) 
Tip (Theo) VP (Z =. 615 . 72 ) In. 

MAC 

Fu 3 . sta. of .25 MAC 
V.P. of .25 MAC 
B.L. of .25 MAC 

Airfoil Section 

Leading Vfedge *>ngle - Deg. 
Trailing Wedge Angle - Deg. 
Leading Edge Radius 

Void Area 

Blanketed Area 


FULL SCALE MODEL SCALE 


41?. 2^ 

. 0 . 67 A 

31S.T2 


I .675 

_ 1 . 67 s 

Q.5Q7- 

. o.«»7 

aJicL. 

Q.UoU 

4*».ooo^ 


- 15 JH 

-25.947 


hi, 130 -kl,13Q 


266. so 

s 

- 635.52 

Q-jO_ 


IQ. 674 

-J u 3 93 

R.tyq p 

w 

,JU L ... 


10.°aau -60-40 . Hedge 

NR mi. 
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TABLE III. - model DIMENSIONAL DATA - Continued. 
MODEL COMPONENT: VERTICAL - V 


-21 


GENERAL DESCRIPTION: Timer anldllne arbiter vert-1 eel tell with nidrier 

a nd epeedbrake capability, except vertical tall base Is nlurced between 

epeedbrake panels. Dimensions are for outer moldllne. 


i 

'■ ,, 


MODEL SCALE: 


0 0405 


DRAWING NUMBER: 
DIMENSIONS: 
TOTAL DATA 


V170-QQQ233< SS-iDIIfiZ- 


Area (Theo) - Pt^ 

Planform 

Span (Theo) - In. 

Aspect Ratio 
Rate of Taper 
Taper Ratio 

Sweep-Back Angles, Degrees. 

Leading Edge 
Trailing Edge 
0.25 Element Line 

Chords: 

Root (Hieo) WP (Z^ « 500 In.) 

Tip (Theo) WP (2. ■ 815-72 In.) 

MAC 0 

Pus. Sta. of .25 MAC 

W.P. of .25 MAC 

B.L. of .25 MAC 

Airfoil Section 

Lea di ng-Wedge -tangle — ■ Deg. 
T ra ili ng- ..edge Angl e— Deg. 
Leading Edge- Bedim 

Void Area 

Blanketed Area 


FULL SCALE MODEL SCALE 


hk 3-gj 

315^ 




l &J&L 


-QJQL 


JJfr.5. 


0-507 


45.QQQ 45.000 


,25.947 - -25.947- 


JtUJtL. ..-41JL30- 


268.50 

10fl.47 

, 199.81 
1463.35 
. - 635>52 ■ 
n.no 


10.874 


4.393- 


59-266 

3 5. 7 39 

.. Q-OOl . 


. IQ . 5ya. ; 60-4Q Tfcdg ft. - 
MR Mad. 
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TABLE III. - MODEL 


MODEL COMPONENT; WING-W, 
"ENERAL DESCRIPTION: -iUq, 


Body B^r, . Dl—aalona ai 


MODEL GALE; 0. 


DIMENSIONS: 


T OTAL DA^A , 

'Area L i neo . ) Ft* 

Plan form 
Span ;Theo In. 

Aspect Ratio 
Rate of Taper 
T aper Ratio 

Dihedral Angle, degree* 

Incidence Angle, degree* 

Aerodynamic Twist, degrees . 

Sweep Sack Angles, degrees 
Leading Edge 
Trailing Edge 
0.25 Element Line 
Chords: 

Root CTheo) B. P.0.0. 

Tie, CTheo) B.P. 

MAC 

Fus. Sts. of .25 MAC 
W.P. of .25 MAC 
B.L. Of .25 MAC 

EXPOSED DATA - 
Area Crneo) Ft 4 

Span, (Theo) In. BP108 
Aspect Ratio 
Taper Ratio 
Chords 

Root BP108 
Tip 1.00 b 

MAC ^ 

Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 

Airfoil Section (RoclMell Nod NASA) 
XXXX-54 
*OOtb • Y 0 - 199 

Tip b> 

i 

Data for (1) of (2) Sides 
Leading Edge Cuff • 

Planform Area Ft* 

Leading Edge Intersects Fus M, L. t S 
Leading Edge Intersects wing • Sta 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. 

MODEL COMPONENT : WING-W ^ 

-ENSRAL DESCRIPTION: -lUOA/B Inner ■QldllM double d»lta orhlf r wlna u.H on 



inianw. 


MftDRT. HHATj;. O.OkOS 

T.ST NO. 

DWG. N0.__ 

SS-A01186 

DIMENSIONS: 

FULL-SCALE 

MODEL SCALE 

TOTAL DATA 

Area ;.ieo.) Ft 4 
Planform 

2600.00 

_ k.kl2 

Span (Theo In. 

-0*5.68 

_J».0l6_. 

Aspect Ratio 

2.265 

2,.26p 

Rate of Taper 



Taper Ratio 

0.200 

n.EM 

Dihedral Angle, degrees 

vsoo 


Incidence Angle, degrees 



Aerodynamic Twist, degrees 
Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 


*-QOQ 

kn.ooo 

45.000 

- io.A56 

- io.os6 

0.25 Element Line 



Chords: 

Root (Theo) B.P.0.0. 

680 . 2 k 

^7.Qlk 

Tip, (Theo) B.P. 

1*7.85 

5.581 . 

MAC 

kTk 

1G _ 

Fus. Ste. of ,25 MAC 

ll.s6.8k 

46.ok2 

W.P. of .25 MAC 



B.L. of .25 MAC 

lflP.ll 



EXPOSED DATA 2 
AreTlTKeo) Ft 
Span, (Theo) In. BP108 
Aspert Ratio 
Taper Ratio 
Chords 

Root BP108 
Tip 1,00 b 

MAC * 

Fus. Sta. of .2$ MAC 
W.P. Of .25 MAC 
B.L. Of .25 MAC 

Airfoil Section (RocIomII Nod NASA) 
XXXX-M 

Root b - Y o . 199 

Tip b ■ 

7 

Data for (1) of (2) Sides 
Leading Edge Cuff « 

PUnform Area Ft z 

Leading Edge Intersects Fus M. L. 9 Sta 
Leading Edge Internets VHng f Sta 


0012-64 Modif. 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. 

MODEL COMPONENT: TRANSITION GRIT - X 29 

GENERAL DESCRIPTION: Grit ^composed of glass beads located aft of model nose 

ving and /ertical tail to provide forced boundary layer transition. 
Dimensions are in the streamvise direction aft of the local leading edge. 


MODEL SCALE: 0.0405 
DRAWING NUMBER: NONE 

DIMENSIONS: 

Grit Diameter - In. 

Fuselage 0.005^ 

Swept surfaces 0.0076 

Strip width In. 0.10 

Location aft of Leading edge - In. 1.00 
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TABLE III. - MODEL DIMENSIONAL DATA - Concluded 


MODEL COMPONENT: TRANSITION GRIT - 

GENERAL DESCRIPTION : Grit composed of glass beads located aft of model 

nose and wing to provide forced boundary layer transition. Dimensions 
are in the streamd.se direction aft of the local leading edge. Same as 
1^2 except vertical tail not gritted. 

MODEL SCALE: 0.0405 

DRAWING NUMBER: NONE 

DIMENSIONS : 

Grit diameter - In. 

Fuselage 0.0054 

Swept surfaces 0.0076 

Strip width - In. 0.10 

Location aft of leading edge - Inc. 1.00 
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Positive directions of force cofficients 
moment coefficients / and angles are 



. Body and stability axis 







Reference Dimension 




I 
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FIG 12 EFFECT OF ELEVON SEALS. ELEVON = 0 DEG.. SPDBRK = 25 DEG. 
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FIG 16 SPEEDBRAKE EFFECTIVENESS. RUDDER = 0 DEG.. ALPHA = 10 DEG. 
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FIG 16 SPEEDBRAKE EFFECTIVENESS, RUDDER = 0 DEG., ALPHA = 10 DEG 
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FIG 21 RUDDER EFFECTIVENESS. HINGELINE SEAL OFF. ALPHA = 10 DEG. 
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